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(54) Communication method for wireless cellular TDMA system 



(57) A terminal in a wireless telephone system can 
efficiently search for available base stations. Communi- 
cation of user information between a base station and a 
terminal intermittently performed in a predetermined 
time slot period. The transmission and reception of user 
information at the terminal are stopped at once in a plu- 
rality of predetermined time slot periods in such inter- 



mittent communication. The ceil search for receiving a 
frequency channel in which control information is trans- 
mitted from the base station is performed, so that avail- 
able base stations are searched. The number of cell 
search periods can be increased or decreased from 
time to time. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to a communica- 
tion method, a transmission method, and a reception 
method suitable for application to a wireless telephone 
system according to cellular communication system, for 
example, and to a base station and a terminal based on 
these methods, and more particularly relates to those 
suitable for application of the TDMA (Time Division Mul- 
tiplex Access) method. 

DESCRIPTION OF THE RE LATED ART 

[0002] Various wireless telephone systems for wire- 
less transmitting digital data signals are developed and 
put to practical use. A method for efficient connection 
which Is practically used, is to apply the TDMA method. 
Said method allows a plurality of terminals to be con- 
nected with a base station in a single transmission band 
(frequency channel) by dividing the single transmission 
band into time slots on a time axis and allocating each 
time slot to the plurality of terminals (mobile station). 
[0003] Fig. 1 shows an example of channel configura- 
tion for a wireless telephone system according to the 
cellular communication system using the conventional 
TDMA method. The ordinate indicates frequencies, and 
the abscissa indicates the lapse of time. The frequency 
axis has one band slot formed by every predetermined 
frequency band (for example, several kHz) and these 
band slots are numbered (herein, consecutively num- 
bered). The time axis has one time slot formed for every 
predetermined period of time (for example, several hun- 
dreds used) and these time slots are numbered (herein, 
consecutively numbered). 

[0004] Predetermined band slots (in the example of 
Fig. 1 , the thirteenth band slot and the twenty-third band 
slot) are allocated as band slots dedicated only to con- 
trol channel CCH (Common Control Channel) transmis- 
sion. In said band slots for control channel CCH, all the 
time slots are occupied with the control channel. In this 
connection, adjacent base stations have different band 
slots allocated to their control channels. For example, 
one base station performs its control channel CCH 
transmission at the thirteenth band slot, and another 
base station adjacent to said base station perfornr^s its 
control channel CCH transmission at the twenty-third 
band slot. 

[0005] Other band slots (in the exanple of Fig. 1 , the 
first to twelfth band slots, the fourteenth to twenty-sec- 
ond band slots, and the twenty-fourth to thirty-seventh 
band slots) are allocated as transmission bands to infor- 
mation transmission channel TCH (Traffic Channel) in 
which call audio data or other various data (hereinafter, 
referred to as user information) is to be transmitted. The 
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setting of information transmission channel TCH at said 
transmission bands is communicated from a base sta- 
tion through the control channel to each terminal. 
Therefore, when being connected each terminal with 
the base station, a band slot in which the control chan- 
nel CCH is transmitted, is received at first. The band slot 
and the time slot allocated to said terminal for transmit- 
ting the user information are determined based on the 
control information indicated by the control channel 
CCH transmitted in said band slot, so as to start the 
communication with the base station at said band slot 
and said time slot. 

[0006] The thirty-sixth band slot in Fig. 1 shows an 
state of communication between the base station and a 
terminal. Referring to Fig. 2 which is an enlarged view of 
a portion of said band slot, said example shows three 
slots constituting one TDMA frame in which the commu- 
nication is performed within three time slot periods. At a 
location of the time slot number 1 , the transmission slot 
Tx for transmission of user information from the base 
station to the terminal has a length of one time slot 
period. At the next location of the time slot number 2, 
the reception slot Rx for reception of user information 
from the base station to the terminal has a length of one 
time slot period. At the next location of the time slot 
number 3. both the transmission and the reception 
pause for one time slot period. At the succeeding loca- 
tions, the process of these three time slot periods (the 
process of one TDMA frame) is repeated. In this con- 
nection, the transmission slot and the reception slot are 
designated from the viewpoint of the base station, and 
of course, these slots are reversed from the viewpoint of 
the terminal. 

[0007] Within a period over which the transmission 
and reception of user information pause (for example, 
the time slots number 3. 6. and 9). the search operation 
for available base stations is performed. That is, with a 
wireless telephone system according to the cellular 
communication system, areas where each base station 
can communicate are normally arranged in consecutive 
cells, and each terminal must determine which base 
station can communicate with it. Specifically, the control 
channel CCH transmitted from the base station is 
received by the terminal. Then, the terminal determines 
which base station it can communicate with based on 
the received field intensity or the like, and makes a 
request for connection with the base station with which 
the terminal can communicate. Therefore, each termi- 
nal must perform the search operation to search for a 
base station cell where said terminal can communicate 
at that point of time. Even after the communication 
starts, if the terminal moves into another area, the hand- 
off process for switching the base stations for communi- 
cation is required. Therefore, during a call, the search 
operation must be performed to find out available base 
stations from time to time. 

[0008] The example shown in Fig. 2 shows the case 
where a frequency channel (band slot) is occupied with 
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a terminal and however, depending on the setting state 
of period to arrange transmission slots Tx and reception 
slots Rx, a plurality of terminals can be connected with 
a channel. For exarrple, another example of Fig. 3 
shows eight time slots constituting one TDMA frame. 5 
The first of the eight time slots in said TDMA frame is a 
reception slot Rx for reception of user information from 
the terminal. The fourth time slot is a transmission slot 
Tx for transmission of user information from the base 
station. With this configuration, if the transmission and 10 
reception operations are performed at the same fre- 
quency, one TDMA frame allows four slots to be set for 
transmission and reception so that four terminals can 
share a band slot. Also in the example of Fig. 3, within a 
predetermined period of slot in each TDMA frame in 
which neither transmission nor reception of user infor- 
mation is performed by each terminal (herein, for exam- 
ple, the sixth and seventh time slots), the search 
operation is to be performed to find out available base 
station. 

[0009] For the communication state shown in Fig. 2, if 
the incoming line and the outgoing line are at different 
frequency bands from each other, separately for each 
line, a terminal can communicate with the base station 
within a period of three time slots, and therefore three 
terminals can share a frequency channel (a band slot). 
[0010] In either configuration, a period In which the 
cell search operation is performed for each TDMA frame 
is made available to each terminal. During said period, 
a process is performed to receive control channels. For 
such a configuration that the cell search operation is to 
be performed for each TDMA frame, it is not easy to 
deal with more frequent or less frequent cell search. In 
order to perform the cell search for each TDMA frame 
as shown in Fig. 2, one TDMA frame must be composed 
of at least three time slots and it is impossible to provide 
one TDMA frame composed of two time slots. 
[0011] When communication is performed between 
the base station and the terminal in the configuration 
described above, appropriate control over the power of 
signals transmitted from the terminal can make the 
communication state better, as well as can be also 
desirable in power consumption of the terminal. That is, 
since a wireless telephone system includes a plurality of 
terminals which are located randomly, a terminal can 
make communication in the vicinity of any base station 
or a terminal can make communication at a location dis- 
tant from any base station. Therefore, it is not desirable 
to perform all the transmission operations at a fixed level 
of power. If the transmission power from a terminal can 
be controlled appropriately, a lower transmission power 
is set when the communication is performed in the vicin- 
ity of the base station, and a higher transmission power 
is set when the communication is performed at a loca- 
tion distant from the base station. Thereby, waste of 55 
power consumption can be avoided during the transmis- 
sion process at terminals, and the level of interference 
with other communication operations can be minimized. 



However, a complicated process is required to appropri- 
ately control the transmission power at a terminal, and 
the control of transmission power, in fact, is not per- 
formed generally. 

SUMMARY OF THE INVENTION 

[001 2] In view of the foregoing, an object of this inven- 
tion is to provide an efficient search for available base 
stations at a terminal. 

[001 3] Another object of the invention is to appropri- 
ately establish communication between a terminal and 
a base station depending on the location of the terminal 
at the point of time. 

[001 4] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 5] In the accompanying drawings; 
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Fig. 1 is an explanatory drawing showing the chan- 
nel configuration according to a prior cellular com- 
munication system; 

Rg. 2 is an explanatory drawing showing an exam- 
ple of prior communication timing; 
Fig, 3 is an explanatory drawing showing another 
example of prior communication timing; 
Fig. 4 is a block diagram showing the configuration 
of a base station according to an embodiment of the 
present invention; 

Fig. 5 is a block diagram showing the configuration 
of a terminal according to an embodiment of the 
present invention; 

Rg. 6 is an explanatory drawing showing the slot 
configuration for transmission signals according to 
an embodiment of the present invention; 
Rgs. 7A and 7B are explanatory drawings showing 
the band slot arrangement according to an embod- 
iment of the present invention; 
Fig. 8 is an explanatory drawing showing the chan- 
nel configuration according to an embodiment of 
the present invention; 

Fig. 9 is an explanatory drawing showing an exam- 
ple of communication timing (normal search) 
according to an embodiment of the present inven- 
tion; and 

Fig. 10 is an explanatory drawing showing an 
example of communication timing (more frequent 
search) according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE EMBODIMENT 
[0016] Preferred embodiments of the present inven- 
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tion will be described below with reference to Figs. 4 to 
10. 

[0017] In this embodiment, the present invention is 
applied to a wireless telephone system of the cellular 
communication system, and a configuration of the com- 5 
munication system to which the embodiment is applied 
is described first. The configuration of communication 
system according to the embodiment is basically con- 
structed as a system for communication according to 
the TDMA method, and uses mutticarrier signals as a io 
signal to be transmitted in each time slot. That is, said 
configuration is based on a so-called multicarrier sys- 
tem where a plurality of sub-carriers are consecutively 
arranged within a previously allocated band and the plu- 
rality of sub-can-iers within one band are simultaneously is 
used in one transmission path. Moreover, the plurality of 
sub-carriers within one band are time-divided all 
together fa modulation. 

[0018] Now. the configuration of access method is 
described below in detail. Fig. 6 shows the slot configu- 20 
ration of transmission signals according to the present 
embodiment. The ordinate indicates frequency, and the 
abscissa indicates time. With this embodiment, the fre- 
quency axis and the time axis are divided into a grid to 
form an orthogonal basis. That is, one transmission 25 
band (one band slot) is given 150 kHz, and twenty-four 
sub-carriers are arranged within said one transmission 
band of 150 kHz. These twenty-four sub-carriers are 
consecutively arranged with an equal spacing of 6.25 
kHz and they are numbered 0 through 23. It should be 30 
appreciated, however, that the number of sub-carriers 
which actually exist is twenty-two, that is, the sub-carri- 
ers 1 through 22 and that the sub-carriers 0 and 23 
located at the ends of the band slot are called guard 
bands with no sub-carrier nor power. The difference in 35 
phase between two of twenty-two sub-carriers causes 
user information to be modulated for transmission. 
[0019] A predetermined number of thus configured 
band slots form a unit of transmission on a certain fre- 
quency axis. For example, assume that thirty-two band 4c 
slots is one unit of transmission on a certain frequency 
axis. As shown in Fig. 7A, thirty-two consecutive band 
slots are used as a unit of transmission on a certain fre- 
quency axis. As shown in Fig. 7B, a multicarrier signal 
composed of twenty-two sub-carriers signal is used for 4i 
transmission in each band slot. A frequency channel for 
a predetermined number of band slots (herein, one fre- 
quency channel for every eight band slots) is used as a 
channel for transmission of control information. The 
configuration for transmission of said control information 5 
is described later in detail. 

[0020] Returning to Fig. 6, the configuration of time 
axis is described below. In the figure, a time slot has an 
interval of 200 pisec and a burst signal is modulated into 
twenty-two sub-carriers for every time slot for transmis- 5 
sion. Herein a frame is defined as an arrangement of 
sixteen time slots. These sixteen time slots within a 
frame are consecutively numbered. The range shown in 



Fig. 6 by hatching indicates a time slot within a band 
slot. 

[0021 ] Multiple accesses where a base station simul- 
taneously communicates with a plurality of terminals are 
accomplished by using the orthogonal basis formed by 
dividing the frequency axis and the time axis into a grid. 
By setting such a communication state, a signal to be 
transmitted between each terminal and the base station 
is kept orthogonal to other signals and therefore only an 
0 appropriate signal can be acceptably extracted without 
any Interference by other signals. 
[0022] Now, the configuration of a base station which 
communicates with a terminal in the above-mentioned 
system configuration is described below with reference 
f5 to Fig. 4. 

[0023] Fig. 4 is a block diagram showing the entire 
configuration of a base station according to the present 
embodiment. In the figure, an antenna 1 1 used for both 
transmission and reception is connected with a high fre- 
20 quency circuit 1 2 to convert a predetermined frequency 
band signal (a frequency band as used herein is a sig- 
nal of a unit of transmission composed of, for example, 
thirty-two band slots) received via the antenna 1 1 into 
an intermediate-frequency signal. Said intermediate- 
25 frequency signal is further converted by an analog/dig- 
ital converter 13 into digital data to be supplied to a 
modulation/demodulation process section 14. The mod- 
ulation/demodulation process section 1 4 demodulates a 
supplied intermediate-frequency signal. Herein the 
30 demodulation process is accomplished by performing a 
demodulation operation such as an orthogonal transfor- 
mation where data nxxlulated and transmitted sepa- 
rately on twenty-two sub-carriers according to the 
atxjve-mentioned transmission method is transformed 
35 into a series of data. The demodulated data is supplied 
to a demultiplexer 1 5 to be separated into pieces of data 
originally transmitted by the terminals. The separated 
pieces of data are supplied to separate decoders 16a, 

16b 16n (n is an arbitrary number), respectively. 

40 When separated by the demultiplexer 15. taking into 
consideration the above-mentioned frequency hopping, 
each piece of data is supplied to one of the decoders 
16a-16n with changing a frequency location (band slot) 
at any time. 

45 [0024] Said decoders 16a-16n are provided corre- 
spondingly to the terminals which can be simultane- 
ously connected with a base station, and each of the 
decoders 16a-16n decodes the data supplied by the 
corresponding terminal. The decoded data from the 
50 decoders 16a-16n is supplied to another communica- 
tion system (not shown) connected with the base sta- 
tion, and then transmitted to the target destination via 
the respective terminal and the telephone line. In this 
connection, a control data such as a connection request 
55 to be transmitted from a terminal to a base station, is 
decoded by any of the decoders 1 6a-1 6n and then sup- 
plied to a control section 20 of the base station. 
[0025] Next, the configuration of the transmission sys- 
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tem in a base station is described below. For individual 
transmitting parties, data transmitted from the con- 
nected terminals to the base station is separate encod- 
ers 17a, 17b, .... 17n (n is an arbitrary number), 
respectively. As well as the decoders, these encoders 
17a-17n are provided correspondingly to the terminals 
which can be simultaneously connected with a base 
station, and each of the encoders 17a-17n encodes the 
data supplied by the corresponding terminal. The 
encoded data from the encoders 17a-17n is supplied to 
the multiplexer 18. The multiplexer 18 multiplexes all 
data to be handled by the base station into a series of 
transmission data. Then, the multiplexer 18 supplies 
said data to the modulation/demodulation process sec- 
tion 14. The modulation/demodulation process section 
U modulates the supplied data separately on twenty- 
two sub-carriers. The modulated data is converted by a 
digital/analog converter 19 into an analog signal, and 
then supplied to the high frequency circuit 12. The high 
frequency circuit 12 frequency-translates said analog 
signal into a predetermined frequency band signal (a 
frequency band as used herein is a signal of a unit of 
transmission composed of thirty-two band slots). Said 
translated signal is wireless transmitted via the antenna 
11 . In this connection, the control data to be transmitted 
from the control section 20 of the base station to a ter- 
minal is also encoded by any of the encoders 17a-17n, 
and then processed with the transmission system of the 
multiplexer 18 through the high frequency circuit 12 for 
wireless transmission. 

[0026] In the above-mentioned configuration, wireless 
communication between the base station and the termi- 
nals is established, said communication is controlled by 
the control section 20 of the base station. The control 
section 20 conprises a control means such as a micro- 
computer. The communication with each terminal is 
controlled by transmitting the control data generated by 
the control section 20 to the terminal. When each termi- 
nal performs a handoff process to switch from one base 
station to another, that process is performed under the 
control of the control section 20 in the base station. 
[0027] Now. the configuration of a terminal which wire- 
less communicates with the base station is described 
below with reference to Fig. 5. 

[0028] Fig. 5 is a block diagram showing the entire 
configuration of a terminal according to the present 
embodiment. In the figure, an antenna 31 used for both 
transmission and reception is connected with a high fre- 
quency circuit 32 to convert a predetermined frequency 
band signal (a frequency band as used herein is a sig- 
nal of a band slot) received via the antenna 31 into an 
intermediate-frequency signal. Said intermediate-fre- 
quency signal is further converted by an analog/digital 
converter 33 into digital data to be supplied to a modu- 
lation/demodulation process section 34. The modula- 
tion/demodulation process section 34 demodulates a 
supplied intermediate-frequency signal. Herein the 
demodulation process is accomplished by performing a 
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demodulation operation such as an orthogonal transfor- 
mation where data modulated and transmitted sepa- 
rately on twenty-two sub-carriers according to the 
above-mentioned transmission method is transformed 
5 into a series of data. The demodulated data is supplied 
to a decoder 35. The decoder 35 performs such as 
decoding the data transmitted by the base station. The 
data decoded by the decoder 35 is supplied to an audio 
processing circuit 36. The audio processing circuit 36 
70 processes call audio data so as to discharge a gener- 
ated audio signal via a loudspeaker 37. If the decoded 
data is the control data from the base station, it is sup- 
plied to a control section 41 of said terminal. 
[0029] Next, the configuration of the transmission sys- 
tem in a terminal is described below. If the data to be 
transmitted is call audio data, a audio signal picked up 
by a microphone 38 is supplied to the audio processing 
circuit 36. The audio processing circuit 36 converts said 
audio signal into audio data according to a predeter- 
mined scheme, and then supplies said audio data to an 
encoder 39 for encoding. The data encoded by the 
encoder 39 is supplied to the modulation/demodulation 
process section 34. The modulation/demodulation proc- 
ess section 34 modulates the supplied data separately 
on twenty-two sub-carriers. The modulated data is con- 
verted by a digital/analog converter 40 into an analog 
signal, and then supplied to the high frequency circuit 
32. The high frequency circuit 32 frequency-translates 
the analog signal into a predetermined frequency band 
signal. Said translate signal is wireless transmitted via 
the antenna 31 . In this connection, the control data such 
as a connection request to be transmitted from the con- 
trol section 41 of the terminal to a base station is also 
encoded by the encoder 39, arxi then processed with 
the transmission system of the modulation/demodula- 
tion process section 34 through the high frequency cir- 
cuit 32 for wireless transmission. Moreover, during the 
transmission process of the high frequency circuit 32, 
the power is amplified to a predetermined level of power 
by a transmission power amplifier 32a. The gain of the 
transmission power amplifier 32a can be variably set 
under the control of the control section 41. Thus, an 
appropriate gain is set depending on the state of com- 
munication with the base station. 
[0030] The reception state and the transmission state 
of said terminal are controlled by the control section 41 
comprising a control means such as a microcomputer. 
Said control section 41 checks the control data transmit- 
ted by a base station to determine the frequency chan- 
50 nel (band slot) used for transmission and reception and 
the timing for transmission and reception at said fre- 
quency channel (time slots in which the transmission 
and reception are performed). The control section 41 
controls each parts in the terminal to operate properly. 
55 The control section 41 is also supplied with operational 
information from a key 42 such as a dialing key. In addi- 
tion, a display section 43 comprising, for example, a liq- 
uid crystal display panel is connected with the control 
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section 41 to display the operational state and other 
information. 

[0031] In the foregoing explanation, the terminal 
shown in Fig. 5 is assumed to transmit and receive call 
audio data. However, the terminal can transmit or 
receive other various types of data. For example, the 
terminal can transmit or receive character data or 
numerical data, e-mail, or data available from the Inter- 
net. 

[0032] Now, the communication between the base 
station and the terminal as configured above is 
described below with reference to Figs, 8-10. Fig. 8 
shows an example of channel configuration for commu- 
nication between the base station and the terminal 
according to the present embodiment. The ordinate 
indicates frequencies in band slot numbers, and 
abscissa indicates the lapse of time in time slot num- 
bers. The band slots and time slots are consecutively 
numbered. 

[0033] Herein a band slot located at an interval of 
eight band slots (the first band slot, the ninth t>and slot, 
the seventeenth band slot, the twenty-fifth band slot, the 
thirty-third band slot, ...) is used as a channel dedicated 
only to communication of control information (control 
information channel CCH). In other band slots (the sec- 
ond through eighth band slots, the tenth through six- 
teenth band slots, the eighteenth through twenty-fourth 
band slots, the twenty-sixth through thirty-second band 
slots,...), information transmission channel TCH, that is, 
channel for transmission of user information is transmit- 
ted. 

[0034] In a control information channel CCH located 
at every eight band slots, all the time slots are not used 
for transmitting control information and therefore, trans- 
mission is controlled by the control section 20 of the 
base station to be performed at the base station inter- 
mittently according to a predetermined rule (or an irreg- 
ular sequence based on a random number sequence). 
In case of the present example, a transmission of con- 
trol information is continued for a period of two time 
slots. The state of intermittent transmission at each 
transmission channel among the control information 
CCHs provided in a base station, is set differently from 
others. Information of the transmission timing for time 
slots of a control information CCH in each transmission 
channel, is transmitted with the control information CCH 
under the control of the control section 20 of said sta- 
tion. At the control section 41 of a terminal, the trans- 
mission timing for time slots of a control information 
CCH in each transmission channel of said station is 
determined by receiving a control information CCH of 
any transmission channel. 

[0035] In the present embodiment, all base stations 
for this wireless telephone system (or at least all base 
stations within a certain area) use the same channel as 
a frequency channel for a control information channel 
CCH, and the timing of transmission of control informa- 
tion CCHs at the same channel is set differently 



between at least adjacent base stations. In this case, a 
control information CCH transmitted by each base sta- 
tion is accompanied with information of the transmission 
timing of a control information CCH in another base sta- 
5 tion adjacent to said base station (for example, informa- 
tion of which frequency channel and which time slot 
being used to transmit). The control section 41 of each 
terminal can determine the transmission timing of a 
control information CCH at each transmission channel 
70 in a base station located in another area adjacent to the 
area for the currently communicating base station. 
[0036] In band slots used to transmit an information 
transmission channel TCH. such as the second through 
eighth band slots, transmission is performed with 
15 employing four time slots as a TDMA frame. For this 
purpose, transmission slots and reception slots each of 
which is made of a time slot, are provided at an interval 
of four time slots respectively When a TDMA frame is 
made of four time slots in this manner, two terminals can 
20 share a transmission channel if transmission and recep- 
tion are performed at the same frequency, and four ter- 
minals can share a transmission channel if transmission 
is performed at a different frequency from that for recep- 
tion. 

25 [0037] The thirty-sixth band slot in Fig. 8 shows the 
state of communication between a terminal and a base 
station and in that band slot. Transmission slots Tx from 
the base station (to the terminal) and reception slots Rx 
at the base station (from the terminal) are alternately 
30 provided to perform two-way communication between 
the base station and the terminal. In case of the present 
example, a data frame is made of thirty-two time slots 
(eight TDMA frames). At least for a TDMA frame period 
(a period of four time slots) within said data frame, com- 
35 munication at the transmission slots Tx and the recep- 
tion slots Rx is stopped In order for the terminal to 
perform a search operation for available base stations, 
that is, a so-called cell search. 
[0038] Fig. 9 shows the state of communication of a 
40 data frame between each terminal and a base station. A 
data frame is made of eight TDMA frames. Basically, 
within a period of four time slots in each TDMA frame, 
reception slots Rx and transmission slots Tx each of 
which is made of a time slot are provided. In this con- 
45 nection. Fig. 9 shows the timing from the viewpoint of 
the terminal, and it shows the reception slots Rx and the 
transmission slots Tx within a TDMA frame in reverse 
relationship to the timing shown in Fig. 8 which is drawn 
from the viewpoint of the base station. 
50 [0039] In addition, a predetermined arbitrary TDMA 
frame period within a data frame (the seventh TDMA 
frame period in Fig. 9) is designated here as a cell 
search period. Within said cell search period, a control 
information channel CCH to transmit control information 
55 from another base station located in an area adjacent to 
the area for the currently communicating base station is 
received. As shown in Fig. 9, for example, within the first 
period of a time slot in the TDMA frame period for cell 
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search, the reception of a predetermined band slot to 
transmit a control Information channel CCH is 
attempted. Within the next period of a time slot, the 
process to switch one channel to another for reception 
is performed. Within the further next period of a time > 
slot, the reception of another band slot to transmit a 
control information channel CCH is attempted. Finally, 
within the last period of a time slot, the process to switch 
to another channel on which a reception slot Rx Is 
received within the next TDMA frame period is per- 
formed. 

[0040] For example, assume that each control infor- 
mation CCH is transmitted from the home station and 
peripheral cells in the state as shown in Fig. 8, and that 
the time slot numbers 13-16 for communication at the 
channel of the thirty-sixth band slot form a search 
period. During a period of the time slot number 13, the 
first band slot is received, so that a control information 
CCH for said channel can be received. During a period 
of the time slot 15, the seventeenth band slot is 
received, so that a control information CCH for this 
channel can be received. 

[0041 ] In this way. during a TDMA frame period for cell 
search, at least two channels attempt to receive control 
information. If channel switching can be performed 
quickly, all the time slots constituting a TDMA frame can 
attempt to receive a channel for transmission of respec- 
tively different control information channel CCHs (four 
band slots in a TDMA frame). During the cell search 
period of each data frame, the channel for attempting 
the reception is changed, so that for several data frame 
periods, the reception of control information channel 
CCHs from all the base stations located adjacent to the 
currently communicating base station is attempted. 
Then, during the cell search period, the terminal deter- 
mines a frequency channel in which the slot for control 
information CCH exists from control information trans- 
mitted by the base station, and then the determined fre- 
quency channel is received. 

[0042] If the slot for control information CCH which is 
attempted to receive during the cell search period is 
successfully received, the reception state (for example, 
reception level) at the point of time is determined by the 
control section 41 of the terminal, and data of the deter- 
mined reception state is supplied with information to be 
transmitted to the t>ase station (for example, data asso- 
ciated with the transmission slot for user information). 
[0043] The control section 20 of the base station 
determines whether the location of the current terminal 
falls within the area of the home station or not by the 
reception state data for control Information transmitted 
from the terminal. In this manner, each terminal has a 
cell search period within a data frame, and determines 
the communication state based on the data obtained 
during the cell search period so as to ensure efficient 
cell search. That is, as compared with a prior case 
where a cell search is always performed within a TDMA 
frame, since the frequency of cell search can be 



decreased, more periods available for transmission of 
user Information can be ensured, and the communica- 
tion capacity can be increased as well as the power 
necessary for cell search at terminals can be saved. 
5 [0044] When the terminal is determined to be located 
in the vicinity of the boundary between the communica- 
tion area of that home station and the communication 
area of another base station through the above-men- 
tioned process (for example, when it is determined that 
10 the reception level of signals from the home station at 
the terminal is substantially equal to the reception level 
of signals from another base station at the terminal), it is 
determined whether a handoff process to switch to 
another base station for communication is required or 
15 not. 

[0045] To determine whether such a handoff process 
is required or not, the control data is transmitted to an 
appropriate terminal to increase cell search periods 
using data associated with transmission slots for user 
20 information as well as to decrease the amount of trans- 
mitted user information correspondingly to the increase 
in cell search periods. Fig. 10 shows the communication 
timing for a data frame from a terminal when the cell 
search is to be performed more frequently. In the exam- 
25 pie of Fig. 10, the fifth and seventh TDMA frames in the 
eight TDMA frames constituting a data frame are desig- 
nated as cell search periods, and during each period, 
the cell search operation is performed. 
[0046] The cell search periods are increased twice 
30 with this manner Thereby, the current communication 
state of a terminal can be detected more accurately, a 
quick determination can be made to see whether a 
handoff process to switch to another base station for 
communication is required or not, and if required, the 
35 handoff process can be handled by the base station 
quickly. That Is, in the present embodiment, during the 
normal operation, the cell search Is performed once for 
a data frame, which means less frequent cell search 
than the case where the cell search Is performed once 
40 for a TDMA frame. On the contrary, if the cell search is 
recognized important, the cell search can be performed 
equally to or more frequently than the prior case, so that 
the handoff process can be properiy performed. In this 
connection. Fig. 10 shows the case where the cell 
45 search periods within a data frame are increased twice, 
but more cell search periods can be acceptable 
depending on the communication state at the point of 
time. 

[0047] Moreover, if it can be determined that the state 
50 of communication with the home station is even better 
than that of communication with other base stations with 
thus increased cell search periods, the number of cell 
search periods can be reduced to the original level. 
[0048] Further. In the present embodiment, the gain of 
55 the transmission power amplifier 32a in the high fre- 
quency circuit 32 of each terminal can be variably set. 
For example, the gain of the transmission power ampli- 
fier 32a is set to a relatively larger value to provide 
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larger transmission power for better communication with 
the base station if the terminal is determined to be 
located in the vicinity o1 the boundary between the com- 
munication area of said home station and the communi- 
cation area of another base station through the above- 5 
mentioned process. In case that the transmission power 
from the base station can be also adjusted, the trans- 
mission power can be set to a larger value if the terminal 
is determined to be located In the vicinity of the bound- 
ary between the communication areas as described 1 
above. 

[0049] Moreover, in the present embodiment, if the 
cell search periods are increased as shown in Fig. 10. 
the amount of user information data to be transmitted 
between the base station and the terminal is reduced by 1 
the amount corresponding to the decrease in transmis- 
sion slot period for that user information under the con- 
trol of the base station. Specifically, since the 
transmission slots and the reception slots within a data 
frame period are reduced from seven time slots to six ; 
time slots. Thus, the amount of user information data 
should be reduced to six sevenths. If the cell search 
periods are decreased, the amount of data should be 
recovered to the original level. Such a variation in 
amount of data which can be transmitted, can be - 
addressed by a variation in compression ratio for audio 
data if user information to be transmitted is audio data, 
or by changing the data transfer rate temporarily if user 
information to be transmitted is various types of data 
including e-mail data. 

[0050] The amount of user information transmitted 
can be changed with some factors other than the varia- 
tion in transmission amount based on the increase or 
decrease in cell search periods. For example, if the ter- 
minal is determined to be located In the vicinity of the 
boundary between the communication area of that 
home station and the communication area of another 
base station, that is. if the base station determines that 
the state of communication between the current base 
station and the terminal is relatively worse, under the 
control of the base station, the state where user infor- 
mation can be transmitted can be maintained by 
decreasing the transmission rate for data to be transmit- 
ted within a time slot. Such a decrease in data transmis- 
sion rate can be accomplished, for example, by 
changing the coding method or modulation method. 
[0051] According to the above-mentioned embodi- 
ment, a frequency channel (band slot) for transmitting 
user information between a base station and a terminal 
is fixed to a certain frequency channel. However, a tech- 
nique called frequency hopping can be used to change 
the transmission frequency channel from one to another 
for each TDMA frame. Such a technique allows the 
available transmission bands to be used substantially at 
even, and with the transmission state kept good, the cell 
search can be performed properly to ensure desirable 
characteristics for transmission of user information. 
Moreover, when the terminal moves into another area, 



the handoff process can be performed properly to 
ensure a desirable communication state. 
[0052] In the above-mentioned embodiment, the 
details of the communication and frame configurations 
are shown only by way of example, and they should not 
be construed to be limited to the above-mentioned 
embodiment. In particular, according to the above-men- 
tioned embodiment, the present invention is applied to 
transmission of multicarrier signals and of course, the 

0 present invention can be applied to transmission of oth- 
enwise modulated signals. Moreover, according to the 
above-mentioned embodiment, the present invention is 
applied to a wireless telephone system according to the 
cellular communication system and of course, the 

5 present invention can be applied to other communica- 
tion systems. 

[0053] According to the communication method 
described in claim 1 , a terminal needs to perform a 
search operation for available base stations to receive 

?o control information only once in a plurality of predeter- 
mined time slot periods for such intermittent communi- 
cation of user information. Therefore, a desirable search 
operation can be accomplished at any interval. 
[0054] According to the communication method 

25 described in claim 2, during a search operation. If the 
terminal is determined to be located in the vicinity of the 
boundary of the communication area for the currently 
communicating base station, the number of time slots 
for communication of the user information is decreased 

30 under the control of the base station, and said 
decreased time slots are used to receive a frequency 
channel in which the control information is transmitted 
and to increase the number of periods to perform a 
search operation for available t>ase stations. TTiereby 

35 another base station necessary for a handoff process 
can be searched for quickly to perform the handoff proc- 
ess properly Particularly, in case that a relatively longer 
interval is set for normal search operations, the search 
operation period can be increased if a handoff process 

40 is required, so that a desirable handoff process can be 
accomplished. 

[0055] According to the communication method 
described in claim 3. information of a frequency channel 
or time slot in which the control information is transmrt- 

45 ted from the base station is appended to the control 
information, and a frequency channel received at the 
terminal during the search operation for available base 
stations is determined from the information appended to 
the control information. Thereby a frequency channel or 

50 time slot received during the search operation can be 
determined at the terminal. 

[0056] According to the communication method 
described in claim 4, a frequency hopping operation is 
performed to change the frequency channel used for 
55 transmission of the user information between the base 
station and the terminal to a predetermined state in time 
slots. Thereby, a search operation period can be set 
properly in the state of an efficient frequency channel 
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being set. 

[0057] According to the communication method 
described in claim 5, for communication of the user 
information and the control information, the information 
is modulated and transmitted separately on a plurality of 
sub-carriers within a frequency channel, and said infor- 
mation modulated separately on the plurality of sub-car- 
riers is demodulated at the receiving end. Thereby, a 
search operation period can be set properly in the state 
of an efficient transmission being accomplished with 
multicarrier signals. 

[0058] According to the communication method 
described in claim 6. if the terminal is determined to be 
located in the vicinity of the boundary of the communi- 
cation area for the currently communicating base sta- 
tion, the communication capacity between the terminal 
and the base station is decreased under the control of 
the base station. Thereby, the communication capacity 
for each terminal can be set properly depending on the 
location of the terminal and therefore, a desirable com- 
munication can be accomplished wherever it is per- 
formed. 

[0059] According to the communication method 
described in claim 7, the transmission power from the 
base station or the terminal can be varied depending on 
the communication state at the point of time. Thereby, 
the settings of communication capacity and transmis- 
sion power can provide any desirable communication 
regardless of situations. 

[0060] According to the transmission method 
described in claim 8 and the base station described in 
claim 18 to which said transmission method is applied, 
transmission of the user information to a predetermined 
terminal is performed intermittently in a predetermined 
time slot period. Further, transmission of the user infor- 
mation is stopped at least once in a plurality of the pre- 
determined time slot periods, and during the time slot 
periods white the transmission of the user information is 
stopped, the terminal is caused to perform a search 
operation for available base stations. Thereby, a desira- 
ble control over the terminal can be accomplished. 
[0061] According to the transmission method 
described in claim 9 and the base station described in 
claim 19 to which said transmission method is applied, 
a handoff process between the base station and the 
currently communicating terminal can be controlled 
quickly and properly, 

[0062] According to the transmission method 
described in claim 10 and the base station described in 
claim 20 to which said transmission method is applied, 
information of a frequency channel or time slot in which 
the control information is transmitted from the base sta- 
tion, is appended to the control information. Thereby at 
the terminal communicating with the base station, a fre- 
quency channel or time slot received during the search 
operation can be determined and therefore, the search 
operation performed at the terminal can be controlled 
properly 



[0063] According to the transmission method 
described in claim 1 1 and the base station described in 
claim 21 to which said transmission method is applied, 
a frequency hopping operation is performed to change 

5 the frequency channel used for transmission of the user 
information from the base station to a predetermined 
state in time slots. Thereby, a search operation period 
can be set properly at the terminal in the state of an effi- 
cient frequency channel being set. 

10 [0064] According to the transmission method 
described in claim 12 and the base station described in 
claim 22 to which said transmission method is applied, 
for transmission of the user information and the control 
information, the information is modulated and transmit- 

15 ted separately on a plurality of sub-carriers within a fre- 
quency channel. Thereby^ a search operation period 
can be set properly at the terminal in the state of an effi- 
cient transmission being accomplished with multicarrier 
signals. 

20 [0065] According to the reception method described in 
claim 13 and the terminal described in claim 23 to which 
said reception method is applied, the terminal needs to 
perform a search operation for available base stations to 
receive control information only once in a plurality of 

25 predetermined time slot periods for such intermittent 
communication of user information. Therefore, a desira- 
ble search operation for available base stations can be 
accomplished at any interval. 

[0066] According to the reception method described in 

30 claim 1 4 and the terminal described in claim 24 to which 
said reception method is applied, during the search 
operation, if the terminal is determined to be located in 
the vicinity of the tx)undary of the communication area 
for the currently communicating base station, the 

35 number of time slots for reception of the user informa- 
tion is decreased. Said decreased time slots are used to 
receive a frequency channel in which the control infor- 
mation is transmitted, so that the number of periods to 
perform a search operation for available base stations is 

40 increased. Thereby another base station necessary for 
a handoff process can be searched for quickly. Particu- 
larly, in case that a relatively longer interval is set for 
normal search operations, the search operation period 
can be increased if a handoff process is required, so 

45 that a desirable handoff process can be accomplished. 
[0067] According to the reception method described in 
daim 15 and the terminal described in claim 25 to which 
said reception method is applied, a frequency channel 
received during the search operation for available base 

50 stations is determined from information of a frequency 
channel or time slot, in which the control information is 
transmitted, appended to said control information. 
Thereby a frequency channel or time slot received dur- 
ing the search operation can be easily determined. 

55 [0068] According to the reception method described in 
claim 16 and the terminal described in claim 26 to which 
said reception method is applied, a frequency hopping 
operation is performed to change the frequency channel 
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used for reception of the user information to a predeter- 
mined state in time slots. Thereby, a search operation 
period can be set properly in the state of an efficient fre- 
quency channel being set. 

[0069] According to the reception method described in 
claim 17 and the terminal described in claim 27 to which 
said reception method is applied, for reception of the 
user information and the control information, a multicar- 
rier signal formed by modulating the information sepa- 
rately on a plurality of sub-carriers within a frequency io 
channel is received, and said information modulated 
separately on each sub-carrier is demodulated. Thus, in 
the state where an efficient transmission is accom- 
plished with multicarrier signals, a search operation 
period can be set properly. i5 
[0070] While there has been described in connection 
with the preferred embodiments of the invention, it will 
be obvious to those skilled in the art that various 
changes and modifications may be aimed, therefore, to 
cover in the appended claims all such changes and so 
modifications as fall within the true spirit and scope of 
the invention. 

Claims 

25 

1 . A communication method comprising: 

user information and control information as 
information for communicating between a plu- 
rality of base stations arranged in a predeter- 30 
mined state and a terminal, and the step of 
forming time slots by sectioning time into every 
predetermined period of time, and communi- 
cating said user information and said control 
information in said time slot unit. 35 
wherein said communication method compris- 
ing the steps of: 

communicating said user information between 
said base stations and said terminal intermit- 
tently in a predetermined time slot period; and 40 
stopping transmission and reception of said 
user information at said terminal once in a plu- 
rality of said predetermined time slot periods 
for said intermittent communication, and 
receiving a frequency channel in which said 45 
control information to be transmitted from said 
base stations, so as to perform a search oper- 
ation for available base stations. 

2. The communication method according to claim 1 , so 
wherein: 

in case that said terminal being determined to 
be located in the vicinity of the boundary of the 
communication area where the currently com- ss 
municating base station is present by said 
search operation, decreasing the number of 
time slots for communication of said user infor- 



mation under the control of said base station, 
and using the period of said decreased time 
slots to receive a frequency channel in which 
said control information to be transmitted, so as 
to inaease the number of periods of time to 
perform a search operation for available base 
stations. 

rhe communication method according to claim 1 or 
I, wherein: 

appending information of a frequency channel 
or time slot in which said control information to 
be transmitted from said base station, to said 
control information; and 
determining a frequency channel received dur- 
ing said search operation for available base 
stations at said terminal from the information 
appended to said control information. 

The communication method according to anyone of 
the preceeding claims, wherein: 

performing a frequency hopping operation to 
change the frequency channel used for trans- 
mission of said user information between said 
base station and said terminal into a predeter- 
mined state in a time slot unit. 

5. The communication method according to anyone of 
the preceeding claims, wherein; 

as for communication of said user information 
and said control information, modulating said 
information arxl transmitted separately on a 
plurality of sub-carriers within a frequency 
channel, and demodulating said information 
modulated separately on said plurality of sub- 
carriers at the receiving end. 

6. A communication method for communicating 
between a plurality of base stations arranged in a 
predetermined state and a terminal, wherein: 

in case that said terminal being determined to 
be located in the vicinity of the lx)undary of the 
communication area where the currently com- 
municating base station is present, decreasing 
the communication capacity between said ter- 
minal and said base station under the control of 
said l>ase station. 

7. The communication method according to claim 6, 
wherein: 

the transmission power from said base station 
or said terminal can be varied depending on 
the communication state at the point of time. 
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8. A transmission method for transmitting user infor- 1 
mation and control information from a plurality of 
base stations arranged in a predetermined state, 
and forming time slots by sectioning time into every 
predetermined period of time in order to transmit 5 
said user information and control information in said 
time slot unit, wherein said transmission method 
comprising the steps of: 



A reception method for receiving user information 
and control information transmitted from a plurality 
of base stations arranged in a predetermined state, 
and forming time slots by sectioning time into every 
predetermined period of time in order to receive 
said user information and control information in said 
time slot unit, wherein said reception method com- 
prising the steps of: 



performing transmission of said user informa- 
tion to a predetermined terminal intermittently 
in a predetermined time slot period, and stop- 
ping transmission of said user information at 
least once in a plurality of said predetermined 
time slot periods; and 

during the time slot periods while said trans- 
mission of said user information is stopped, 
causing said terminal to perform a search oper- 
ation for available base stations. 

9. The transmission method according to claim 8, 
wherein: 

in case that the currently communicating termi- 
nal being determined to be located in the vicin- 
ity of the boundary of the communication area 
where the home station is present by said 
search operation, decreasing the number of 
time slots for transmission of said user informa- 
tion, and using the period of said decreased 
time slots, so as to increase the number of peri- 
ods of time to perform a search operation for 
available base stations at said terminal. 

1 0. The transmission method according to claim 8 or 9, 
wherein: 

appending information of a frequency channel 
or time slot in which said control information to 
be transmitted from said base station, to said 
control information. 

1 1 . The transmission method according to anyone of 
claims 8 to 10, wherein: 

performing a frequency hopping operation to 
change the frequency channel used for trans- 
mission of said user information from said base 
station into a predetermined state in a time slot 
unit. 



w performing reception of said user information 

intermittently in a predetermined time slot 
period; and 

stopping reception of said user information 
once in a plurality of said predetermined time 
15 slot periods for said intermittent reception, and 

receiving a frequency channel in which said 
control information to be transmitted from said 
base stations, so as to perform a search oper- 
ation for available base stations. 



12. The transmission method according to anyone of 
claims 8 to 11, wherein: 

as for transmission of said user information and 
said control information, modulating and trans- 
mitting said information separately on a plural- 
ity of sub-carriers within a frequency channel. 



20 

14, The reception method according to claim 13. 
wherein: 

in case that said terminal being determined to 
25 be located in the vicinity of the boundary of the 

communication area where the currently com- 
municating base station is present by said 
search operation, decreasing the number of 
time slots for reception of said user information, 
30 and using the period of said decreased time 

slots to receive a frequency channel in which 
said control information to be transmitted, so as 
to increase the number of periods of time to 
perform a search operation for available base 
35 stations. 

15. The reception method according to claim 13 or 14. 
wherein: 

40 determining a frequency channel received dur- 

ing said search operation for available base 
stations from the information of a frequency 
channel or time slot for transmitting said 
received control information and being 

45 appended to said received control information. 

16. The reception method according to anyone of 
claims 13 to 15, wherein: 

50 performing a frequency hopping operation to 

change the frequency channel used for recep- 
tion of said user information into a predeter- 
mined state in a time slot unit. 

55 17. The reception method according to anyone of 
claims 13 to 16. wherein: 

as for reception of said user information and 
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said control information, receiving a multicar- 
rier signal formed by modulating said Informa- 
tion separately on a plurality of sub-carriers 
within a frequency channel, and demodulating 
the information modulated separately on each 
sub-carrier. 

18. A base station for communicating user information 
to a terminal and for transmitting control information 
to said terminal; 

conprising a user information processing 
means and a control information processing 
means; 

forming time slots by sectioning time into every 
predetermined period of time, and performing 
operations for transmission and reception of 
user information by said user information 
processing means and operations for transmis- 
sion of control information by said control infor- 20 
mation processing means in said time slot unit; 
performing transmission and reception of said 
user information between said predetermined 
terminal and said base station in said user 
information processing means intermittently in 25 
a predetermined time slot period, and stopping 
transmission and reception of said user infor- 
mation at least once in a plurality of said prede- 
termined time slot periods; and 
transmitting a control command to said termi- 30 
nal to perform a search operation for available 
base stations, during the time slot periods 
while said transmission and reception of said 
user information stops, based on said control 
information transmitted by said control informa- 35 
tion processing means. 

19, The base station according to claim 18, wherein: 

in case that said control information processing 40 
means determining that the currently commu- 
nicating terminal being located in the vicinity of 
the boundary of the communication area where 
the home station is present by said search 
operation, said user information processing 45 
means decreasing the number of time slots for 
transmission and reception of said user infor- 
mation, and by using the period of said 
decreased time slots, said control information 
processing means appending a control com- so 
mand to increase the number of periods of time 
for performing a search operation for available 
base stations in said terminal to said control 
information. 

55 

20. The base station according to claim 18 or 19, 
wherein: 



appending information of a frequency channel 
or time slot in which said control information to 
be transmitted by said control information 
processing means, to said control information. 

5 

21. The base station according to anyone of claims 18 
to 20, wherein: 

performing a frequency hopping operation to 
10 change the frequency channel used for trans- 

mission and reception of said user information 
in said user information processing means into 
a predetermined state in a time slot unit. 

15 22. The base station according to anyone of claim 1 8 to 
21, wherein: 

as for transmission and reception of said user 
information and said control information proc- 
essed by said user information processing 
means and said control information processing 
means, modulating and transmitting said infor- 
mation separately on a plurality of sub-carriers 
within a frequency channel. 

23. A terminal for transmitting and receiving user infor- 
mation and receiving control information transmit- 
ted by a plurality of base stations arranged in a 
predetermined state, and forming time slots by sec- 
tioning time into every predetermined period of time 
in order to transmit and receive user information 
and receive control information in said time slot 
unit; wherein said terminal 

comprising a user information processing 
means and a control information processing 
means; 

performing transmission and reception of said 
user information in said user information 
processing means intermittently in a predeter- 
mined time slot period, and stopping transmis- 
sion and reception of said user information 
once in a plurality of said predetermined time 
slot periods for said intermittent transmission 
and reception; and 

during the periods while said transmission and 
reception stops, a frequency channel in which 
said control information to be transmitted from 
said base stations, is received by said control 
information processing means so as to perform 
a search operation for available base stations, 

24. The terminal according to claim 23, wherein: 

in case that the home station being determined 
to be located in the vicinity of the boundary of 
the communication area where the currently 
communicating base station is present by said 
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search operation with said control information 
processing means, said user information 
processing means decreasing the number of 
time slots for reception of said user information, 
and by using the period of said decreased time 5 
slots, said control information processing 
means receiving a frequency channel in which 
said control information to be transmitted in 
order to increase the number of periods of time 
to perform a search operation for available w 
base stations. 

25. The terminal according to claim 23 or 24, wherein: 

determining a frequency channel received dur- 15 
ing said search operation for available base 
stations based on the determination on the 
information of a frequency channel or time slot 
to be appended to said control information 
made by said control information processing 20 
means. 

26. The terminal according to anyone of claims 23 to 

25, wherein: 

25 

performing a frequency hopping operation to 
change the frequency channel used for trans- 
mission and reception by said user information 
processing means into a predetermined state 
in a time slot unit. 30 

27. The terminal according to anyone of claims 23 to 

26, wherein: 

as for reception of said user information and 35 
said control information by said user informa- 
tion processing means and said control infor- 
mation processing means, receiving a 
multicarrier signal formed by modulating said 
information separately on a plurality of sub-car- 40 
riers within a frequency channel, so as to 
demodulate said modulated information sepa- 
rately on each sub-carrier. 
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